Abstract: Brodalumab, a recombinant fully human monoclonal immunoglobulin IgG2 antibody with high affinity to human interleukin (IL)-17RA, is approved for the treatment of moderate-to-severe plaque psoriasis. In controlled clinical trials, brodalumab 210 mg administered by subcutaneous injection at weeks 0, 1, and 2, then 210 mg every 2 weeks, produced a rapid onset and sustained clinical response. Consistently, >80% of patients achieved PASI-75 and efficacy was maintained for >2 years. The benefits are apparent soon after the start of therapy and are maintained in the long term. Such results, from the reviewed literature, support the findings from 4 'real world' cases in mainstream clinical practice which are reported here. Psoriatic plaques, including on the scalp, nails, soles and palms, were largely resolved, and quality of life improved markedly. Therapeutic success was achieved in patients naïve to biologics (2 cases) and in those responding inadequately to other biologics (2 cases). The high affinity of brodalumab to human IL-17RA blocks the biological activities of the pro-inflammatory cytokines IL-17A, IL-17C, IL-17E, IL-17F, and IL-17A/F heterodimer, resulting in inhibition of the inflammation and clinical symptoms associated with psoriasis. This mechanism of blocking multiple IL-17 family cytokines differs from that of other available biologics which selectively target some parts of the Th-17 axis and may account for the effectiveness of brodalumab in patients poorly responsive to other biologics, a feature which has also been shown where subgroup analysis has been undertaken in clinical trials. The drug is well tolerated during the normal 12-week induction phase and with prolonged treatment (52 to 120 weeks), as it was in the current case series.
Introduction
Psoriasis is a common condition, with a significant influence on physical and psychological well-being, and consequential economic impacts through days off work and health care costs. Lesions can result in itching, burning, aching and bleeding, 1 as well as being unsightly and affecting quality of life and general well-being. The reported prevalence of psoriasis varies widely between countries but is generally between 1.5 and 5% in developed countries. [2] [3] [4] The etiology of psoriasis is complex. For example, psoriasis can be triggered by trauma, obesity, infection, stress and medications, and it can affect any area of the skin, including the scalp, nails, palms and soles. 1 There are central roles played by both the innate and adaptive immune systems. 2, 5 Alteration of the interleukin (IL)-23/type 17 helper T cells (Th17), IL-17A/F axis appears to be a key etiologic factor. 6 IL-23, released by dendritic cells in response to an internal or external stimulus, such as an antigenic challenge, is involved in the activation and maintenance of Th17 cells. 7 In turn, these cells release a swathe of cytokines, including IL-17A, IL-17F, IL-21, IL-22, and tumor necrosis factor (TNF)-α. The IL-17 family of cytokines bind to the IL-17 group of receptors with different affinities and consequences. Activation of the receptors, among other things, results in chemokine and antimicrobial peptide production which enhances the inflammatory cascade. 2, 5 There are five IL-17 cell surface receptors: RA to RE. IL-17RA forms heterodimers with each of IL-17RC, IL-17RB and IL-17RE. 6, 8 The complexity of the etiology explains the diversity of symptoms and variable influence of environmental factors in psoriatic disease. 2 Levels of IL-17, and particularly IL-17A, −17C and −17E (also known as IL-25), are elevated in the blood and psoriatic lesions of patients with psoriasis, and the proinflammatory effects of IL-17A contribute to disruption of the skin barrier function. 5, [9] [10] [11] Thus, the Th17 axis plays a pivotal role in psoriatic disease. 2, 3, 6, 7 Brodalumab is a recombinant fully human immunoglobulin G2 monoclonal antibody which received FDA approval in February 2017 and EMA approval in September 2017. In the EU, brodalumab is indicated for the treatment of moderate-to-severe plaque psoriasis in adult patients who are candidates for systemic therapy. The antibody binds with high affinity to human IL-17RA and blocks the biological activities of the pro-inflammatory cytokines IL-17A, IL-17F, IL-17A/F heterodimer, IL-17C, and IL-17E, resulting in inhibition of the inflammation and clinical symptoms associated with psoriasis. IL-17RA is a protein expressed on the cell surface and is a required component of receptor complexes utilized by multiple IL-17 family cytokines. IL-17 family cytokine concentrations have been reported to be increased in psoriasis. IL-17A, IL-17F and IL-17A/F heterodimer have pleiotropic activities, including the induction of pro-inflammatory mediators such as IL-6, GROα, and G-CSF from epithelial cells, endothelial cells and fibroblasts that promote tissue inflammation. Blocking IL-17RA inhibits IL-17 cytokine-induced responses resulting in normalization of inflammation in the skin. 12 This mechanism is different from that of other available biologics targeting the Th-17 axis (eg, secukinumab and ixekizumab each bind selectively to IL-17A). 5, 8 Meta analyses of controlled clinical trials of biologics for the treatment of moderate-to-severe psoriasis show that they are more effective than small molecules and conventional treatments, at least during the induction phase. However, there has been criticism that these trials are not necessarily representative of patients seen in daily clinical practice. 13 The reporting of case studies from real-world clinical practice, such as those presented here, can help to address this criticism.
Case studies
All patients provided written informed consent to receive brodalumab and for their details and images to be published as a case study, subject to non-identification. ) and 1% hydrocortisone cream. The patient presented with a Psoriasis Area Severity Index (PASI) score of 11.3. There were lesions on the trunk, arms, legs and especially the head ( Figure 1A ). The Body Surface Area (BSA) coverage was 14% and the Dermatology Life Quality Index (DLQI) score was 21.
Treatment was initiated in September 2017 with brodalumab 210 mg at Week 0, Week 1, Week 2 and then every 2 weeks. 1% hydrocortisone cream was used to relieve itching (genital area).
By weeks 12-16, the psoriatic lesions had disappeared, and the patient was very satisfied with the therapy. By August 2018, after almost 1 year of treatment, the PASI score, DLQI score ( Figure 2A ) and BSA coverage were all zero, and these outcomes were maintained at the last follow-up (14 months after starting brodalumab; Figure 1B ).
Case 2
This 49-year-old female patient had experienced plaque psoriasis since the age of 20 years (no family history) and an additional diagnosis of disabling psoriatic arthritis since the age of 28 years. At the time of the current investigation, the patient presented with mild scalp psoriasis and psoriatic arthritis (mainly arms and legs; Figure 3A) , and a PASI score of 11.9. The BSA was 17%, DLQI score was 19, and she had dactylitis on the left hand. These symptoms presented whilst undergoing treatment for plaque psoriasis (the leading indication) with ixekizumab 80 mg every 2 weeks for 12 weeks, then monthly, between April and December 2017 (this therapy was discontinued due to lack of efficacy and a flare-up of the psoriatic arthritis with dactylitis on the left hand).
The patient had a history of poor response to treatment. In 1995, fumaric acid was started and discontinued for secondary loss of efficacy. Between 2004 and 2006, she received methotrexate orally and then subcutaneously, up to 25 mg/week, until it was discontinued due to primary loss of efficacy. Subcutaneous adalimumab injections were administered for an extended period of time, from 2007 to January 2016. They were discontinued due to secondary loss of efficacy, despite the addition of methotrexate 7.5 mg subcutaneously and an increase in adalimumab dosage by switching to weekly injections. She participated in a clinical trial with secukinumab from May to October A B 2016. Any clinical benefit was lost after the induction phase of secukinumab 300 mg weekly for 4 weeks, and there was no improvement during the follow-up period when secukinumab was increased to 450 mg and subsequently to 600 mg monthly. Topical calcipotriol + betamethasone as a foam spray (Enstilar ® ) was added, but secukinumab was discontinued in March 2017, and ixekizumab treatment was started in April 2017.
Treatment with brodalumab 210 mg/week for 3 weeks and then every other week, began in December 2017, with no concurrent therapies. Psoriasis was markedly improved after 6 weeks ( Figure 3B ). By September 2018, the PASI score was reduced by over 90% to 0.8 ( Figures 2B and 3C ), BSA coverage was only 1%, and the DLQI score was zero ( Figure 2B ).
Case 3
This male patient, aged 61 years, had experienced plaque psoriasis for 13 years and concomitant psoriatic arthritis for another 10 years. On examination, the patient presented with mild plaques on the scalp, elbows, lower back and lower legs and severe nail involvement on both hands ( Figure 4A ) and feet. He had been diagnosed with psoriatic arthritis on his elbows ( Figure 4A ) and hips.
Previous systemic treatments included etanercept 50 mg weekly in combination with subcutaneous methotrexate 10 mg weekly and folic acid 5 mg weekly; prior topical therapy included betamethasone ointments, calcipotriol ointments and a foam containing clobetasol propionate for the scalp. During a 17-month treatment period, he achieved only a partial clinical response; therefore, in July 2016, this therapy was discontinued. The patient's condition deteriorated continuously after January 2018, but the patient did not want to have multiple weekly injections. At this point, BSA coverage was 5%, the PASI score was 5, and the DLQI score was 20.
Brodalumab treatment was initiated according to schedule, with a dose of 210 mg once a week for 3 weeks followed by injections at 2-week intervals. The first two doses were administered at the clinic with subsequent doses being self-administered (after training). Betamethasone ointments were used once daily, and betamethasone liquid was applied to the scalp once a week.
There was rapid regression of plaques during the first 2 weeks. The patient was happy, and he had no more joint pains. After 16 weeks, his skin was free of plaques and elbow swelling was markedly reduced ( Figure 4B) ; also, his previously severely-affected nails started to grow normally from the proximal end ( Figure 4B ), and the PASI score was 1. At 24 weeks, there were no more plaques discernible, the scalp was disease-free, and nails were growing slowly with minimal residual dystrophy at the distal end. By 32 weeks, the patient's nails were completely normal again ( Figure 4C ), and he was very satisfied with the treatment outcome. At that time, the PASI score and BSA coverage were zero, and the DLQI score was 1 ( Figure 2C ). The patient had no more itching and no joint pain either in his hands, elbows or hips. Previously, the patient's nails had significantly impacted his everyday life, both at work and socially. After brodalumab treatment, the patient claimed to have a new life, not stigmatized by the look of his nails, with all functionality back and no tenderness upon touching things. He continues with brodalumab injections but no longer needs any topical treatment.
Case 4
This 33-year-old male patient experienced severe plaque psoriasis involving the whole body including the scalp, palms, soles and nails. Psoriasis first occurred at the age of 25 years, and there was no evidence of psoriatic arthritis. The patient had also been affected by vitiligo since childhood. Previously, the patient had been treated with different topical medications, including corticosteroids and vitamin D derivatives, as well as with acitretin, methotrexate, fumarates, and apremilast. Limited efficacy was achieved, and when the patient began treatment with brodalumab, in January 2018, he still experienced severe psoriasis, with a PASI score 25, a DLQI of 26 and complained of a severe itch.
Brodalumab was administered at the recommended dosage of 210 mg/week for three weeks and then every second week, and the patient continued using a mild topical corticosteroid. Within 5 weeks, there was significant improvement ( Figure 5A and B) and the PASI score had been reduced to 7.4. By week 20, the patient's skin condition had improved even further, and he no longer required any topical treatment ( Figure 5C ).
The last visit was in mid-November 2018 (Week 44) when the patient's PASI score was 1.9 and the DLQI score was zero ( Figure 2D ).
Discussion
In early dose-finding studies with brodalumab in moderate-to-severe plaque psoriasis for a 12-week induction phase, optimal responses occurred at a dose of 210 mg by subcutaneous injection at weeks 0, 1, and 2, then every 2 weeks.
14 All patients in the current series of cases received brodalumab at this recommended dosage. All four patients improved rapidly (within 2 to 6 weeks) with significant improvement or complete clearance of psoriatic lesions. This response was further improved or remained stable at follow-up visits over 9 to 14 months. In the two cases with psoriatic arthritis, joint pain also disappeared. Notably, brodalumab was effective for severe and extensive psoriatic arthritis resistant to other treatments, and in difficult-to-manage lesions involving scalp, nails, palms of the hands and soles of the feet. Patients commented on their high level of satisfaction with brodalumab treatment, and DLQI scores were reduced from 19-26 to 0 in three cases, and to 1 in the other case. The clinical efficacy and safety of brodalumab have been demonstrated in the AMAGINE controlled clinical trials. 15, 16 AMAGINE-2 and −3 were replicate phase 3, international, multicenter, randomized, double-blind, head-to-head trials of brodalumab versus ustekinumab and placebo in patients with moderate-to-severe psoriasis (sPGA ≥3, PASI score ≥12 and >10% BSA). 16 Over 1800 patients were randomized in each trial and treated with either brodalumab 140 mg or 210 mg subcutaneously, weekly for 3 weeks then at 2-week intervals, ustekinumab 45 or 90 mg (according to body weight) subcutaneously according to label, or placebo. The 12-week treatment period (induction) was followed by a 40-week open-label period during which patients who had been on placebo and those inadequately responding to ustekinumab, received brodalumab 210 mg every 2 weeks. 16 After the induction phase, brodalumab was statistically (P<0.001) superior to placebo with respect to PASI-75 and sPGA. It was also superior to ustekinumab (P<0.001) with respect to PASI-100 (44% vs 22% in one study and 37% vs 19% in the other). PASI-75 was achieved in 86% and 85% of patients receiving brodalumab (210 mg dose) in the two separate studies. According to pooled long-term data from AMAGINE-2 and −3, >60% of patients receiving any dose of brodalumab for >2 years (108 weeks) achieved PASI 100. 17 A further pooled analysis of AMAGINE-2 and −3 data showed that, in patients who received brodalumab 210 mg every 2 weeks for 52 weeks, PASI 100 was achieved in 63.4% and 62.9% of patients at 52 and 108 weeks, respectively. 18 In patients who received ustekinumab for 52 weeks, PASI 100 was achieved in 42.3% of patients, but after switching to brodalumab 210 mg every 2 weeks at week 52, PASI 100 increased to 62.5% at week 108.
18
The AMAGINE-1 study followed a similar design to the other AMAGINE studies during a 12-week induction phase but without the ustekinumab treatment group. 661 patients with moderate-to-severe plaque psoriasis were included. Brodalumab (210 mg dose) resulted in a PASI-75 in 83% of patients and an sPGA score of 0 or 1 (classified as 'success') in 76% of patients. 15 Among the collective AMAGINE trial populations, the psoriasis symptom inventory (PSI) total score and itch score improvements were significantly greater with brodalumab than with placebo (P<0.001) from week 2 to week 12. Compared with ustekinumab, the brodalumab 210 mg dose led to a faster response and a superior improvement of itching at 52 weeks. 19 Among the cases reported in this paper, the first patient who had extensive plaque psoriasis, including his scalp, achieved complete resolution of plaques within 12-16 weeks which was maintained through the latest follow-up (14 months after starting brodalumab). Case 4, with severe and extensive psoriasis, had substantial improvement within 5 weeks. The use of brodalumab in patients with psoriatic arthritis is less well investigated and not in the current European label. In a randomized, double-blind, placebo-controlled trial in 159 patients with psoriatic arthritis, significantly more patients (P=0.05) achieved 50% improvement according to American College of Rheumatology response criteria (ACR50) with brodalumab 140 or 280 mg (standard treatment protocol) compared with placebo, at 12 weeks. During a 40-week open-label phase, when all patients received the 280 mg dose, there were significant improvements in those who had previously received placebo or the 140 mg dosage regimen and sustained benefits in those continuing with brodalumab 280 mg. 20 These continuous improvements with brodalumab, as demonstrated in the current case reports over 9-14 months, confirm the positive results of earlier trials. In an openlabel study, 144 patients with moderate-to-severe psoriasis completed 120 weeks of treatment with brodalumab 140 or 210 mg every 2 weeks. Response rates achieved at week 12 were maintained at week 120. 21 In the AMAGINE-2
and −3 studies, the response rate to brodalumab was stable from week 16 to week 52. 16 In a subgroup analysis of data from a controlled trial in patients with moderate-to-severe plaque psoriasis in which brodalumab was administered for 12 weeks, patients' history or prior treatment with biologics had no influence on brodalumab efficacy. 22 Similarly, the response rate among patients with psoriatic arthritis treated for 12+40 weeks was not influenced by previous treatment with other biologics. 20 In the AMAGINE-2 and −3 studies, most patients who did not respond to ustekinumab had significantly improved symptoms with brodalumab treatment (PASI-75 and sPGA reduced to 0 or 1). 16 Two of the four cases reported here (Cases 2 and 3) responded well to brodalumab after having inadequate responses to other biologic treatments: etanercept (anti-TNF-alpha) in one case, and adalimumab (anti-TNF-alpha), ixekizumab and secukinumab (IL-17 antagonists) in the other. The latter case demonstrates distinctly the different mechanism of action for brodalumab compared with other drugs targeting the Th-17 axis. Brodalumab binds selectively to the IL-17RA receptor rather than just binding to IL-17A.
In a meta-analysis of controlled clinical trials involving the treatment of moderate-to-severe psoriasis, comparing drug classes, biologics were considered the best choice for achieving PASI-90. Anti-IL-17, anti-IL-12/23, anti-IL-23 and anti-TNF-alpha antibodies were significantly more effective than small molecules and conventional systemic therapies. 13 The National Institute for Health and Care Excellence in the UK commissioned an independent review of the clinical and cost effectiveness of brodalumab for the treatment of moderate-to-severe plaque psoriasis, concluding that the drug appears to be as effective as other anti-IL-17 agents and is cost effective (based on the discount agreed in the patient access scheme). In particular, brodalumab is recommended for patients with severe plaque psoriasis who have not responded to systemic non-biologic therapies. 23 The self-administration of brodalumab by subcutaneous injection every 2 weeks provides for great convenience and enhances patient adherence to therapy. This was particularly true for patient 3 who expressed that previous treatment regimens with multiple weekly injections were intolerable. No adverse reactions were reported during brodalumab therapy by the four patients in our study. The FDA approval of brodalumab was issued with a warning relating to suicidal ideation and behavior (SIB). A higher incidence of SIB was noted in clinical trials with brodalumab; 8 however, although there is a known association of increased suicide among patients with psoriasis compared to those without, 5, 24 patients with depression or anxiety were not excluded in the AMAGINE trials (in contrast to other trials), and no causal link between brodalumab and increased risk of SIB has been established. [25] [26] [27] The most common side effects reported with brodalumab in controlled clinical trials have been nasopharyngitis, upper respiratory tract infections, headache and arthralgia. 6, 16, 21, 28 The rate of serious infection episodes in the AMAGINE-2 and −3 trials, respectively, were 1.0 and 1.3 per 100 patient years with brodalumab. 16 In phase 3 trials, fewer than 2% of patients receiving brodalumab 140 or 210 mg for 12 weeks experienced neutropenia or candida, and none required treatment discontinuation. 6 In a meta-analysis of randomized, controlled clinical trials, the incidence of infections and serious adverse events was not significantly different for patients treated with Th17 pathway inhibitors or placebo. 3 The safety profile of brodalumab for moderate-to-severe psoriasis is similar to that of other IL-17 antagonists. 27 Although only four clinical cases are reported here, these cases represent real-world clinical conditions and, as such, they provide a valuable adjunct to results obtained in the carefully selected patients included in controlled clinical trials.
Conclusion
Brodalumab rapidly improves psoriatic lesions and relieves associated symptoms in patients with moderateto-severe psoriasis, including those with psoriatic arthritis. These benefits are also evident in patients who have responded poorly to other biologics and, moreover, they are maintained in the long term.
